Background

The agenda of a meeting of the UCAS/DfES Curriculum Development Group on 4 July 2007 included a substantive item on the latest developments and current issues relating to mathematics. The author was invited to present a paper at the meeting and this article is based on that paper. It outlines current concerns relating to mathematics uptake post-16, particularly AS and A Levels in Mathematics and Further Mathematics.
Uptake
In the early 1980s, over 100,000 candidates took A Level Mathematics each year; now we are down to little more than half that number (Appendix B gives figures from 1989 to 2006). This should be a matter of overwhelming concern for the country as a whole, and particularly for universities, given the number of degree courses that involve some mathematics or statistics.
In most other countries, all students continue mathematics to the end of their time at school and so arrive at university knowing more mathematics than their counterparts in this country, who gave up mathematics at GCSE and have had two years in which to forget whatever they did know. So, if our universities are to offer comparable degrees, it is important that there is a sufficient pool of students who have taken mathematics post-16. Currently, this is not the case.
In 2005, the number of applicants accepted through UCAS was just over 400,000 (see Appendix A). UCAS say "The numbers of accepted applicants are close, but not necessarily identical, to the numbers who actually enrol" [1] . A conservative estimate is that 250,000 of these were destined for courses involving mathematics and/or statistics, and 65,000 for the highly numerate courses for subjects in groups F, G, H and J (as defined in Appendix A). By contrast, fewer than 53,000 took A Level Mathematics in 2005 and many of those will have proceeded to degrees in subjects like law which do not involve mathematics. It is thus the case that the supply from schools and colleges is nowhere near matching the needs of higher education.
The number of students taking AS and A Level Mathematics can change quite dramatically over a period of just a few years. The table in Appendix B shows how, after a long period of decline numbers rose sharply in 1996; this is attributable to all syllabuses becoming modular at that time. It also shows the disastrous effect that the Curriculum 2000 had on numbers in 2002.
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Roger Porkess More mathematically competent undergraduates -Roger Porkess So it is really important to understand the factors that influence uptake, to encourage positive trends and to be vigilant against ideas that threaten it. Some of these are explored in the remainder of this paper.
A culture of constant change
During the last two decades, one change after another has been imposed on school mathematics. It feels as if those in authority have adopted a management philosophy that constant change produces the best outcomes; if so, that is not the route to good results in education. Teachers need stability if they are to do their best and students need it too if they are to have confidence that the system will look after them. Less confident students setting out on AS/A Level Mathematics at the age of 16 can feel they are taking a gamble; they know that it is possible that they will work hard for the next two years and have nothing to show for it at the end. They need the reassurance of confident teachers who are clearly on top of what they are doing.
A Level Mathematics numbers have not yet recovered from the disaster of Curriculum 2000 when they fell by nearly 20% in one year. The A Level curriculum was revised for 2004 [2] and numbers are now starting to creep back up again. Teachers are regaining their confidence and there is a widespread feeling that the present syllabus is fit for purpose. In this situation, the very last thing anyone needs is more change.
Post-16 mathematics is in any case in danger of being destabilised by events at GCSE. Last September (2006), the 3-tier GCSE was replaced by 2-tier; this year coursework is to be removed; in 2010 there is to be a completely new system with the single GCSE replaced by two GCSE mathematics subjects and with Functional Mathematics as well. It is impossible to predict the effect of any of these changes on those going on to A Level, either in terms of their numbers or what they will know.
The present plan is to introduce new A Level Mathematics syllabuses for first teaching in September 2011, but with the first students not completing the double award GCSE until the following year, their design can be no more than a thought experiment. There will almost certainly be a mismatch when the students start coming through from the new double award GCSE. It will make far more sense to wait until 2015; by that time, teachers will have settled into the double award GCSE and it will be apparent where to start the new post-16 courses.
There are currently two A Level trials going on, supposedly in response to the Smith Report. The recommendation was for the development of new connected pathways, 14 to 19. Instead, separate work is being carried out at GCSE and A Level. The A Level work looks very much like change for its own sake.
A particularly damaging feature, and it is hard to avoid thinking there is a hidden agenda here, would be a move from 6 units to 4. The current subject core for mathematics is designed for a 6 unit A Level and a change to 4 would undermine the whole philosophy underlying current syllabus design.
By far the best thing that can possibly be done to A Level Mathematics is nothing. Just leave it alone and let teachers get on with teaching it.
Subject definitions
One of the major problems for mathematics is that it is seen as one subject among equals in the school curriculum. A question that is often asked is "Why should mathematics be treated differently?" This question arises largely because of the demarcation between school subjects, which are defined in ways that do not necessarily represent particularly natural borders to learning. (The divisions are quite different from those between the various subject groups listed in Appendix A.)
The answer to the question about why mathematics should be treated differently is that, as well as being a subject in its own right, it is embedded in many other subjects. Mathematics is a part of physics, engineering and economics; statistics is a part of psychology, and so on. That is why so many undergraduates need mathematics, and why so many under-perform in their chosen subjects for a lack of a good mathematical background.
We should not be frightened to admit that mathematics is more important than almost all other school subjects for the good reason that it is an integral part of most academic disciplines at degree level and beyond. The only other subject with a similar (if rather different) claim is the medium of learning, in our case English.
There are various ways in which treating mathematics in the same way as other subjects manifests itself:
it is rated the same as other subjects in school performance tables (with the welcome exception of now, along with English, being a requirement for the 5 passes at GCSE); it is rated the same in the UCAS tariff;
Mathematics courses are funded at the same (basic) rate as those for other subjects; and, there is a reluctance to allow mathematics qualifications to be subject to rules that are appropriate to the subject, rather than those designed with other subjects in mind.
All of these points are directly relevant to the question of how to increase mathematics uptake post-16.
Comparability with other subjects
A major obstacle to increasing the uptake of mathematics post-16 is that students believe it to be more difficult than other subjects. Consequently, those students who do embark
Appendix C gives the rankings for different subjects in terms of AS Level pass rates. This table is highly significant because AS Level is the gatekeeper to A Level and higher levels of study. At that stage, students are confronted with a market place of subjects and if the AS Level in one subject is unattractive, there are plenty of others they can choose instead.
If all subjects were of equal difficulty, it would be expected that mathematics would have one of the highest pass rates, given the overall quality of the candidature. In fact just the opposite is true; mathematics has one of the lowest pass rates, confirming the students' view that it is a hard subject and one to be avoided unless you are naturally a very able mathematician.
By contrast, expressive arts and media studies have such high pass rates that a student is almost guaranteed success. It is hardly surprising, then, that many students are attracted by these "soft option" subjects rather than those, like mathematics, which will actually benefit them when they enter higher education.
The table in Appendix C shows not only the inequality among subjects but that nothing is being done about it. It covers the six years of AS Levels since the introduction of Curriculum 2000 and what is remarkable is the consistency over that time. The same six subjects have occupied the bottom six places in the table on every occasion. Similarly, despite their large entries, expressive arts, media studies and English have been consistently up near the top of the table. Much the same subjects have occupied the bands in the middle as well. It seems that an order of subjects has been established and is being maintained even though it is manifestly not justified.
One reason for the stability in the table in Appendix C lies in the relationship between the regulatory authority, QCA, and the awarding bodies. This makes it very difficult for an awarding body to vary the percentage passing in any subject by more than a small percentage from one year to another. The mechanisms in place, allowing only incremental changes from one year to another, are designed to ensure maintenance of the standards set in 2001 within subjects, but in doing so, they also preserve the differences in standards between subjects that also arose quite arbitrarily at that time.
Until this situation is addressed it is hard to see mathematics uptake increasing to a level that would provide higher education with an appropriate level of support.
One approach would be to make mathematics easier and media studies etc. harder, to the point where their positions in the table are reversed. However, it is not clear that this would be achievable without making mathematics just too easy and putting media studies out of range of many students. Another possibility would be to ease mathematics a little but to give it more credit, both in terms of performance tables and the UCAS tariff, and even to fund it more highly.
Admissions requirements
Universities have a lot of influence over what goes on in schools and colleges and, by using it judiciously, they can increase the uptake of mathematics and Further Mathematics.
The UCAS tariff has already been mentioned. It treats mathematics in exactly the same way as any other subject. However, given the number of degree courses involving mathematics and statistics, this is a misleading message for universities to be sending out.
University prospectuses and offers play a large part in determining the subject advice that teachers give to students. However, it is often the case that both of these fail to convey what A Levels a department would really like its new undergraduates to have taken. For example, chemistry departments that fail to make mention of A Level Mathematics and mathematics departments that say nothing about Further Mathematics are sending quite the wrong signals into schools, telling them that mathematics and Further Mathematics are no longer considered valuable.
The counter-argument put forward by such departments is that they have to fill their places and so dare not risk putting potential applicants off. That has the ring of a self-fulfilling prophesy, an invitation to students to arrive at university having done inappropriate A Level subjects. Admissions tutors need to be honest in informing students about the background they will need if they are to benefit from their proposed university courses. In doing so, they will make it much easier for teachers to direct students into appropriate subjects, including mathematics. That in turn will reduce the risk of a recruitment shortfall, at least in the medium to long term.
While uptake in A Level Mathematics and Further Mathematics builds up, there are strategies that universities can adopt that fall short of actually demanding a qualification in mathematics. A prospectus can, for example, state that mathematics is a desirable A Level for a particular course without making it a requirement. Some departments are now making offers with lower grades in other subjects for those who are also taking Further Mathematics. Now that the Further Mathematics Network is set up, every suitable student in England can take Further Mathematics. The argument that it would be unfair to ask for Further Mathematics because some students do not have access to it is no longer valid. However, the more strongly that universities ask for it, the greater will be the number of students taking Further Mathematics.
On a positive note, some 40 universities are actively involved in the Further Mathematics Network and so More mathematically competent undergraduates -Roger Porkess interacting at a working level with a significant proportion of the schools and colleges teaching mathematics post-16. This must lead to better understanding between the sectors and that can only be to the benefit of mathematics uptake. 
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